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TRAPS AND TRAPPING TECHNIQUES FOR ADULT
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ABSTRACT, An overview is presented of the recent advancements in research activities conducted to
evaluate mosquito traps. insecticide-impregnated targets baited with combinations of attractants, and
strategies for using mass trapping techniques for adult mosquito population management. Technologies that
use semiochemicals {attractants). traps and targets, and mass trapping are relatively new for management of
adult mosquite populations. To date, emphasis has been placed primarily on developing barriers of
attractant-baited and insecticide-impregnated targets. The most successful continuous use of this type of
technology has been at Stevens’ Landing, Cellier County, Florida. Recently, commercially available traps
have been evaluated for their ability to reduce nuisance populations of mosquitoes. Whereas use of Mosquito
Magnet™ Pro {MM-Pro) traps along a nature trail on an isolated island {Atsena Otie) in the Gulf of Mexico
resulted in a significant reduction in annoyance cansed by the black salt-marsh mosquito, Ochlerotatus
taeniorhynchus (Wied.), a perimeter of the same traps did not result in the same level of mosquito reduction in

a residential area in Gainesville, FL.
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INTRODUCTION

Traditionally, control of adult mosquitoes in
the United States has relied almost exclusively on
the use of chemical insecticides. This strict
reliance on chemical insecticides has resulted in
increased public apprehension about exposure to
these insecticides, environmental concerns, and
increased reports of mosquito species developing
resistance to a dwindling number of chemical
insecticides approved for mosquito control. This
reliance also has led to an increased interest over
the past 2 decades in developing integrated pest
management (IPM) programs that include better
surveillance, source reduction, larvicides, and
biological control as well as public education
(Rose 2001). The IPM approach has worked well
for control of the immature stages because there
are many options to choose from, but few options
exist for use against adult mosquitoes. Besides
adulticides, available options consist of personal
protection (contact repellents and protective
clothing) and public education (e.g., stay indoors
and avoid exposure to mosquitoes during peak
biting activity times). The use of new emerging
technologies needs to be encouraged to develop
effective IPM programs targeting mosquitoes.
One new technology that is under active in-
vestigation is the use of semiochemical-baited
traps and targets for mass trapping or killing of
adult mosquitoes.

Interest in exploring this technology for adult
mosquite control was stimulated in 1989 when 25
scientists from the United States, Canada, the
United Kingdom, and The Netherlands met in
Minneapolis, MN, to participate in the First
International Symposium on Hematophagous

Insect Attractants, sponsored by the Metropoli-
tan Mosquito Control District. Optimism that
attractanti-based technology for adult mosquito
control could be developed was based largely on
the success that tsetse fly workers achieved with
attractant-baited, insecticide-impregnated targets
and traps in Zimbabwe and elsewhere in Africa
{Takken et al. 1986; Vale et al. 1986, 1988:;
Willemse 1991; Vale 1993; Torr 1994). These
baited targets replaced aerial drift-spraying of
tsetse-infested bush with insecticides (endosulfan
or deltamethrin) or by spraying the resting sites of
tsetse (Alsopp 1984). Both technigques were
expensive and logistically complex. Today, these
techniques have been replaced completely in
Zimbabwe by the use of attractant-baited, in-
secticide-impregnated targets and traps (Vale
1993).

The consensus of the international group was
that attractant-baited targets and traps could play
a significant role not only in mosquito surveil-
lance but also in the control of adult mosquitoes.
The extent of that role was the subject of
considerable debate (Kline 1994). All agreed that
although this technology has worked well for
tsetse fly control, it remained to be proven that
similar technology could be used successfully to
control adult mosquitoes. Much of the success of
the tsetse fly removal trapping programs was
attributed to both the biclogical peculiarities of
tsetse flics and the research programs that weré
funded to gain a better understanding of tsetse
behavior, which resulted in the development of
effective targets that combine visual and olfactory
attractants used by tsetse flies to locate their hosts
(Vale 1993, Jordan 1995). The vulnerability of

490







SePTEMBER 2006

Mosqurto CONTROL WITHOUT PESTICIDES 491

tsetse flies to trapping-out systems stems from
their unusual life cycle. Compared with other
insects, tsetse flies have an extremely low intrinsic
rate of population increase (Hargrove 1988). Thus,
much of the skepticism that trapping-out can work
against mosquitoes is based on the high intrinsic
rate of population increase for most species.

This article reports on progress that has been
made since the 1989 intemational symposium on
developing and evaluating attractant-based tech-
nology and strategies for adult mosquito control.
Traps have been important components in
mosquito management programs (Rupp and
Jobbins 1969); however, their role has been
restricted to surveillance. Trapping data have
been generally used to make decisions on the
initiation or termination of control measures as
well as to assess efficacy of control approaches.
Therefore, at the time interest in investigating
trapping-out technology for mosquito manage-
ment began, only 2 basic types of traps were
available: the New Jersey (NJ} light trap (Mul-
hern 1942) and the Centers for Disease Control
(CDC) trap (Sudia and Chamberlain 1962). These
traps were designed for routine surveillance and
were not intended for mosquito control. Light
and carbon dioxide (CO;) (Rudolfs 1922; Reeves
1951, 1953) were basically the only attractants
available for use with these traps (reviewed in
Service 1993). Thus, the consensus of the
participants in the previously mentioned sympo-
sium and a series of symposia and workshops
that followed on this emerging technology was
that the greatest priority for this technology to
succeed against mosquitoes was the development
of more efficient and economical traps, targets,
and attractants.

INITIATION OF FIELD STUDIES ON
AVAILABLE TRAPS AND DEVELOPMENT
OF TARGETS

The first field studies to evaluate the concept of
adult mosquito control through the use of
attractant-baited traps and targets were initiated
in 1993. A collaborative research project was
established between the USDA’s Center for
Medical, Agricultural, and Veterinary Entomol-
ogy (CMAVE), Gainesville, FL., and the Collier
Mosquito Control District {CMCD), Naples, FL,
to evaluate the use of this technology against
mosquito populations in a resort area located on
the north end of Key Island. Key Island was an
isolated island accessible only by boat. The
predominant species on the island were Ochler-
otatus taeniorhynchus (Wied.) (84.7%), Culex
nigripalpus Theobald (13.8%), and Anepheles
atropos Dyar and Knab (1.4%) (Kline and Lemire
1998).

As indicated above, at the time this project was
initiated only 2 basic types of traps were avail-

able. Since the NJ trap requires household
current, which was not available everywhere on
Key Island, the battery-powered model 512
CDC-type trap was selected as the trap of choice.
Attractants available were light, CO,, and 1-
octen-3-o0l {(octenol), which had just been recog-
nized as a mosquito attractant (Takken and Kline
1989). Light was not used because it would likely
attract nontarget insects and would quickly drain
the batteries. Thus, the CDC traps were baited
only with CO; and octenol. CQ; was metered
from 9 kg compressed gas cylinders at 200 ml/
min by using a double-stage pressure regulator
(Victor model VTS 453B; Victoria Equipment
Company, Denton, TX) and delivered to its
release point ca. 5 em from the top trap entrance
via polyethylene tubing. Octenol was released
from microreaction vials (5 ml; Supelco, Belle-
fonte, PA) fitted with plastic lids and neoprene
septa by using a wick (Dills 15-cm pipe cleaner)
system (Kline and Lemire 1998) that released ca.
4 mg/h. This combination of attractants and
release rates was based on studies conducted
previously against these same mosquito species in
the Florida Everglades (Takken and Kline 1989;
Kline et al. 1990, 1991a, 1991b). The traps were
hung from metal poles so that the top of the trap
was ca. 1.8 m above ground level

A protective perimeter barrier was established
between a resort area on the north end of Key
Island and the suspected source of mosquitoes on
the south end of the island. Fifty-two individual
killing stations were established, spaced 16.5 m
apart, forming a single line protective barrier
around the designated resort area; each station
was supplied with its own 9-kg tank of CO,. For
the first vear (1994), one CQO, (200 cc/min) +
octenol (ca. 4 mg/h)-baited CDC-type trap was
used at each killing station.

In 1995, insecticide-impregnated targets were
substituted for the traps (Kline and Lemire 1998).
All other parameters remained the same. This
approach is often referred to as “lure and kill.” In
this method, the attractant combination is
basically used to lure the target insects to a device
where they hopefully will be killed. Although still
relying on insecticides, this approach has the
advantages of greatly reducing the amount of
insecticide applied, allowing the choice of when
and where the treatments will be made, thereby
greatly reducing the impact on nontarget organ-
isms (Day and Sjogren 1994). The collapsible
targets consisted of cylinders (ca. 60.25 cm in
length X 53.21 ¢cm in diameter) of 60% poly-
propylene black shade cloth (DeWitt Company,
Sikeston, MOQ) treated with an emulsifiable
concentrate formulation (120 gm/liter) of lamb-
da-cyhalothrin at 0.2 g active ingredient (AI)}/m?.
The upper surface of the cylinder also was
covered with insecticide-impregnated shade cloth.
The bottom was left open to allow mosquitoes to
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enter and rest on the inner surface of the target.
Targets were suspended from the poles that had
been used for the barrier traps in 1994, so the
bottom was ca. 15 cm above ground level. The
octenol vial and CO; release tube were taped 1o
a short stake located centrally under each target
so odors were dispensed ca. 67 cm above ground
level. Each year, the effectiveness of the perimeter
barrier was evaluated by means of similarly
baited model 512 CDC-type traps placed on both
sides of the barrier. Traps and targets performed
equally well; however, there was no significant (P
= 0.05) reduction in mosquito abundance in the
resort area when the barrier was functional.

CMCD continued this work in 1996. Instead of
each target being supplied with CQ, from in-
dividual tanks at each target location, the tanks
were connected through a manifold to a control
panel, which maintained a constant flow to the
targets. Octenol was released near the area of the
target where the CO, was released. The targets
were sprayed with insecticide (either permethrin
or lambda-cyalothrin) en a scheduled basis.
CMCD has performed several studies with this
design of attractant-baited barrier line, or mod-
ifications of it. Each study was conducted to test
various target designs, target spacing, or other
parameters to develop the most efficient system
(Stivers 2005). Targets were placed along the
pipeline and treated with insecticide every 2 wk.
CO, was released through the targets at a rate of
200 ml/min. CDC surveillance traps were used to
collect mosquitoes to determine the efficacy of the
system. The data showed significant differences
(P << 0.05) in the ratio of mosquitoes collected
inside and outside of the line when the system was
on compared with when it was off. However, the
level of control that was achieved was considered
to be insufficient for operational use (Stivers
2005).

In 1998, the CMCD began a study on the
feasibility of using their attractant-baited barrier
line technology at a condominium complex on
Marco Island, FL, called Stevens’ Landing. This
site was surrounded by mangrove swamp that
produced enormous broods of Oc. taenior-
hynchus. The goal of this study was to deterrnine
whether the barrier line could be effective in
protecting a populated area from adult mosqui-
toes. The system design was very similar to the
design used on Key Island, with ca. 2,400 ft of
pipeline around the entire community and CDC
traps to determine the number and species of
mosquitoes inside and outside the line (Stivers
2005). This study was conducted for 3 years,
testing variables such as target spacing, target
shape, rate of CO, released, and octenol release
method. The most efficient target spacing was
20 ft. The most effective target was “bucket™
shaped. composed of regular weed block cioth
hanging from the lid of a 5-gal bucket and hung

from metal pipe. This target was either dipped in
or sprayed with insecticide biweekly for control
purposes. During the final year of the study,
liquid octenol was replaced with commercial wax-
based octenol lures (BioSensory, Willimantic,
CT) (Stivers 2005). The 3 years of data showed
that the line provided the residents with relief
from mosquitoes. Statistical analysis demonstrat-
ed that there were fewer mosquitoes inside the
barrier line when the system was on than when
the system was off. The residents also noted the
difference in mosquito abundance when the line
was on or off. The system worked so well that the
community at Stevens’ Landing voted to have it
installed permanently.

During winter 2001, the CMCD, in collabora-
tion with Stevens’ Landing, made the barrier line
a permanent facility at the community. The
system was upgraded by burying the pipelines,
retrofitting the control panel with copper rather
than plastic tubing, and replacing the 100-1b
compressed CO, tanks with cryogenic CO, held
in 500-Ib tanks. The tanks were replaced weekly
to provide the system with enough gas to attract
mosquitoes. CMCD purchased the materials for
the pipeline and the targets and installed the
entire system. The condominium association,
however, was responsible for the costs of
maintenance and operation. The permanent
attractant-baited barrier line has been running
at Stevens’ Landing since summer 2001. CMCD
no longer needs to aerially apply insecticide to the
area, thereby reducing potential detrimental
impact on nontarget organisms in the sensitive
mangrove environment surrounding the commu-
nity (Stivers 2005).

Although this control method has proven
effective at Stevens’ Landing, it is not a method
that can be applied in all circumstances. Fur-
ther testing is necessary to determine whether
this approach can be equally effective in other
areas.

COMMERCIAL TRAPS

In 1995, two private companies initiated
programs to develop traps specifically designed
for mosquite control. BioSensory, Inc. (Wil-
lamantic, CT} developed the Dragonfly™ that
used CO,, octenol, and heat as attractants. The
CO, was released from compressed gas cylinders.
Mosquitoes were killed by electrocution. Al-
though this trap was made available to residential
users, it was mainly developed for commercial
applications and has never been marketed
through retail outlets, In contrast, American
Biophysics Corporation (North Kingston, RI)
developed a series of traps known as Mosquito
Magnets for both commercial and residential use
(Kline 2002). These traps also used COa, octenol,
and heat as the main attractants. CO, is
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generated by the combustion of propane. In some
models, a thermoelectric generator was used to
generate electricity to power the fans. This made
the traps more portable and allowed them to be
placed where most needed without reliance on
either electrical mains or a portable generator.

After West Nile virus (WNV) invaded the
United States in 1999, public concern for
mosquito control increased. At this point, many
companies decided to develop mosquito traps to
sell to residential users. A plethora of traps have
since been developed and marketed. These traps
come in a huge variety of designs, attractant
combinations, and capture technologies. Most of
the commeonly available iraps use CO, as the
main attractant, which is generated either by the
combustion of propane or supplied from cylin-
ders of compressed gas. Many have been tested in
a scientific manner to determine comparative
ability to capture mosquitoes (Kline, unpublished
data; Smith et al., http://pherec.org/decs—click
on trapping systems); however, control efficacy
has yet to be sufficiently established to warrant
inclusion of these traps in any type of organized
mosquite control activity.

MASS TRAPPING BY USING
COMMERCIAL TRAPS

From August 2002 through October 2004
(Kline, unpublished data), a mass trapping
experiment using the MM-Pro was conducted
on a group of 3 small isolated islands, collectively
known as Atsena Otie, located in the Guif of
Mexico ca. 1 mi off the coast of Cedar Key,
Florida. Atsena Otie is managed by personnel
from the Lower Suwannee Wildlife Refuge
(LSWR). The study was initiated at the request
of the LSWR manager who wanted mosquitoes
controlled on the islands but did not want
pesticides to be used. Unfortunately, there was
no historical baseline of mosquito trap collections
for the island that could be used as a point of
reference. However, ample anecdotal evidence
was provided by the LSWR rangers and local
residents, who consistently and frequently stated
that from May through October the islands are
unsuitable for human visitations. Shortly after the
salt-marsh areas surrounding the islands are
flooded, the islands become inundated with
enormous populations of Oc. taeniorhynchus.
Visitation is difficult even when covered with
repellent and protective clothing. This indeed was
the situation that was encountered in August
2002 when the traps for this study were deployed.
Individuals setting up the traps wore pants, long
sleeve shirts and headnets, all of which were
sprayed with Deep Woods OFF!®™ (SC Johnson,
Racine, WI). Any exposed skin also was treated
with this repellent. As a measure of mosquito
activity, one pant leg was pulled up to the knee, It

took less than 15 s for the mosquitoes to cover all
available exposed skin from knee to ankle.

The MM-Pro was selected as the “treatment”
trap based on its superior performance in large
cage trap efficacy studies conducted against
laboratory reared Oc. taeniorhyachus. In these
studies, the MM-Pro caught 1.6 times as many
Oc. taeniorhynchus as its nearest competitor and
resulted in the lowest landing and biting counts.
Also, this trap is portable, because it uses
a thermoelectric generator to produce electricity
to operate its' suction fans. This feature was
important because no electricity was available on
Atsena Otie. In addition to the CO, and water
vapor generated by the combustion of propane,
each trap also was baited with octenol. This
was a true test of the trap manufacturer’s
{American Biophysics, Inc., North Kingston, RI)
claim that the MM-Pro will clear out a l-acre
area in 2 weeks.

The island selected for the trap study was ca.
23 acres of land surrounded by salt marsh. A
nature trail nearly bisected this island. Either 21
(2002 and 2003) or 22 (2004) MM-Pro traps were
placed along this trail such that each trap covered
a radius of ca. t acre. In 2002 and 2003, modified
MM-Pro traps were used because the collection
nets of the unmedified trap would fill up too
quickly. Therefore, the traps were modified so
that the mosquitoes were collected into an 11.5-
liter container instead of the standard net. By
2004 (16 months), population pressure on the
island was reduced to a level that unmodified
traps could be used.

Two MM-X traps, located 1/3 and 2/3 of the
way along the trail were used as surveillance
traps. These traps were baited with octenol and
500 ml/min CO, released from a 20-lb com-
pressed gas tank. One similarly baited MM-X
trap was placed on each of the 2 adjacent
“untreated” islands. In 2002 and 2003, 2 addi-
tional MM-X traps were placed on the mainland
in the LSWR for comparison. In 2004, 5 MM-X
traps were scattered on the mainland throughout
the city of Cedar Key. Each year the surveillance
traps were operated for at least 2 wk before and
after the treatment traps were turned on. In 2002,
the treatment traps were operated from August
23 through October 4; in 2003, from May 20
through October 14; and in 2004, from June 12
through October 19.

In 2002, biting pressure was significantly
reduced within 2 wk of trap operation. In
contrast to the pretreatment scenario of the
exposed leg being completely covered with
viciously biting mosquitoes from knee to ankle
in 15 s, no repellent was needed. From this point
on, trap collections were made in shorts and short
sleeve shirts. There were occasional blips of biting
activity within a week after larval developmental
sites were flooded either by rainfall events or by
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tides. Usually, these blips would last for only [ or
2 days. Basically, this scenaric was repeated each
year after the traps had been operating for 2 wk.
Each year the biting pressure progressively de-
clined after each flooding event. This decline led
to speculation that perhaps the “‘egg bank™ was
being depleted due to the enormous number of
potential first-time egg layers being removed from
the island's population. Mosquito immigration
and emigration were unknown factors. The data
are still being analyzed, but preliminary analyses
indicate that by the end of the 3rd yr there was
excellent (80-90% population reduction), sus-
tained control despite the area being hit by
multiple hurricanes. .

Additional mass trapping studies were con-
ducted in residential areas of Gainesville, FL,
during the 2003 and 2004 mosguito seasons in
a collaborative study between the USDA,
CMAVE research laboratory, and the Gainesville
Mosquito Abatement program, Gainesville, FL
(Kline, unpublished data). These studies were
conducted to evaluate the efficacy of this
technology in a nonisolated area, where mosquito
diversity was high (>33 species) and the areas to
be protected were surrounded by numerous larval
developmental sites. Two separate neighborhoods
were surrounded by 12 unmoedified MM-Pro
traps. Each trap used octenol as an additional
attractant, CDC traps and landing rate counts
were used twice per week to monitor mosquito
species composition and abundance within the
perimeters of these “‘treated areas” compared
with similar “untreated” (not surrounded by
MM-Pro traps) residential areas. Preliminary
analysis indicates moderate control, ca. 50%
reduction in captures by the CDC monitoring
traps in “treated” compared with “untreated”
residential neighborhoods. Similar unpublished
studies using MM-Pro traps in residential areas
have been conducted in St. Augustine, FL (Xue,
personal communication). Residents in “treated”™
areas in both Gainesville and St. Augustine
perceived the traps to be effective at reducing
mosquito abundance in their yards.

In another residential trapping study, the Salt
Lake City Mosquito Abatement District used the
MM-Pro in an attempt to give residents some
relief from Oc. sierrensis, a tree hole mosquito
species (Hougaard and Dickson 1999). These
mosquitoes are very aggressive, which makes
them a neighborhood nuisance. Because this
species remains close to its source area. removal
trapping is considered a viable control method.
The MM-Pro traps were used at several locations
over summer 1999. When surveyed by telephone,
homeowners responded that the MM-Pro traps
had really helped and that the mosquitoes were
under control. Abatement personnel concluded
that the MM-Pro was an effective tool in helping
to control this tree hole mosquito species. They

stated that it by no means eliminated all of the
mosquitoes, but it did give people some relief and
peace of mind and the assurance that the
abatement district was trying to help reduce the
mosquito nuisance.

SUMMARY AND CONCLUSIONS

Trapping-out using semiochernical-baited tar-
getsftraps for mosquite population management
is a relatively new technology. The tsetse mass
trapping effort illustrates that the technology can
be successful against a hematophagous pest.
Despite the tsetse fly success story, however,
many, if not most, medical entomologists, mos-
quito scientists, and control personnel are skep-
tical that trapping-out can be used effectively
against adult mosquitoes.

The tsetse fly story illustrates that much basic
research into the target species’ biology, behavior,
and ecology is a prerequisite for success. It also
demonstrates that a multidisciplinary effort is
requited. The few mosquito studies that have
been conducted and presented in this article
indicate that this technology has promise for
mosquito population management, but the chal-
lenges to success seem greater than for controlling
tsetse flies. Mosquitoes are more prolific than
tsetse and most travel greater distances. There is
also a greater diversity of nuisance species in any
given geographic area with mosquitoes than
occurs with tsetse flies.

The mosquito studies presented in this article
illustrate some of the promises and some of the
problems encountered so far. Both the attractant-
baited targets and MM-Pro siudies indicated
promise for managing populations such as Oe.
faeniorhvnchus, which is very attracted to the
combination of attractants used (COs, octenol,
heat, and water vapor) in these studies. The more
attractants used (e.g., MM-Pro traps used all
types of attractants compared with targets that
did not use heat and water vapor), the better the
population reduction, The technology worked
best on the isolated islands where one species ( Oc.
taeniorhyncehus) was clearly the dominant species
compared with mainland residential areas such as
Gainesville where many important nuisance
species of different genera were present. Thus,
the Gainesville study demonstrates that “one size
does not fit all.” Different attractant combina-
tions, delivery systems, and trap types may be
required to attract and effectively capture differ-
ent populations.

Another scenario in which the technology
looks promising is in areas like Salt Lake City,
UT, where a single dominant nuisance species
(Oec. sierrensis), remains in backyards close to the
larval developmental sites (tree holes).

So far, studies using mass trapping technology
against adult mosquitoes have been conducted on
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a limited spatial and temporal scale. They have
not progressed beyond smali-scale trials. Before
large-scale mosquito trials are conducted it is
essential that we acquire a better understanding
of the spatial distribution of target species, their
dispersal patterns, and their population dynamics
in general. Studies with simulation models of
tsetse (Hargrove 1988) and mosquitoes (Ritchie
and Montague 1995) have shown that population
dynamics is most sensitive to dispersal and adult
mortality parameters. The dispersal capacity of
targeted mosquito species can have a great in-
fluence on the potential of attractant-baited
trapping systems. A high dispersal rate, as is
present in Oc. taeniorhynchus (Provost 1957),
could impose problems in attempts to reduce
local populations, because the risk of reinvasion
would be high. In the small-scale tests with Oc.
taeniorhynchus on both Key Island and Atsena
Otie, whenever a flooding event occurred in the
larval developimental sites, several days later the
perimeter of targets or array of MM-Pro traps
would be overwhelmed (but only temporarily).
The technique might have greater potential
against mosquitoes with a relatively small dis-
persal activity, such as Cx. nigripalpus (Nayar et
al. 1980) or Orc. sierrensis (Hougaard and
Dickson 1999).

Knowledge of the spatial distribution of
targeted species is also necessary as it relates to
finding an optimal placement strategy for traps or
targets for maximum impact on targeted specics
(Kline 1998). Questions that need to be answered
include the impact of location, spacing, and
height of deployed traps or targets on the
effectiveness of the system. Day and Sjogren
(1994) describe 4 approaches to the deployment
of traps or targets: 1) to attract mosquitoes away
from where protection is desired, 2) to situate
traps around the protection area as a perimeter
barrier, 3) to place traps or targets individually
within the protection area, and 4) to intercept
mosquitoes during dispersal from breeding sites
or resting sites.

Knowledge of basic population parameters and
dynamics is also essential to determine the extent
of trapping required to attain a certain level of
population control. Weidhaas and Haile (1978)
estinuted that, depending on the biotic potential
of the mosquito species, the trapping requirement
could be as high as 40% per day to achieve
a substantial reduction in the population. Service
(1995) theorized that the immense biotic potential
and population densities of mosquitoes make it
unlikely that traps or targets alone could reduce
mosquito populations to an acceptable level. This
scenario is often encountered for certain flood-
water mosquitoes, such as Oc. taeniorhynchus and
Ae. vexans, which are characterized by rapid and
large explosive population outbreaks. Yet the
studies cited above reveal that in selected

circumstances control can be achieved with such
species by attractant-baited traps or targets.
Perhaps attractant-baited traps could be used
equally or more effectively in areas where
mosquito densities remain relatively low or for
species that breed in permanent water bodies and
are often characterized by a more gradual
population buildup.

Acceptance by the public and professional
mosquito control community of new technolo-
gies, such as mass trapping and other biological
control technologies, will not be casy because
they have grown accustomed to the immediate
control obtained through spraying with chemical
insecticides, despite recognizing the negative side
effects. Nevertheless, the use of semiochemical-
baited traps or targets, either locally or on an
areawide scale, needs to be perfected to the level
that it can be incorporated into selected in-
tegrated mosquito management programs. Parks,
resorts, golf courses, and other recreation arcas
may be good candidates for use of this technol-
ogy. [t is important to educate residents, decision-
makers, and the general public about both the
potential and the constraints of attracting and
trapping, even though a lower level of control
may need to be accepted in certain circumstances.
With the development of sufficiently effective
traps and increased diversity of effective attrac-
tant combinations for different mosquito species,
trapping systems could be used routinely in the
future as behavioral control measures and be
added to the growing list of bioclogically based
technologies for mosquito control,
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